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I. Introduction

This project is concerned with the fabrication and investigation of superconducting flux qubits,
particularly with regard to the effects of dissipation on their relaxation and decoherence, and to the
entanglement of two qubits. This final report summarizes the progress that we have made towards
achieving these goals over the last three years. Section II outlines the infrastructure of our experiment,
including the dilution refrigerator, the electrical filtering of the various leads associated with the
measurements, a novel, dual-current source to supply two independent flux biases to the qubits and readout
SQUID, the chip layout, and the fabrication process. Section III describes our results on achieving
quantum coherence in a flux qubit, including spectroscopy, Rabi oscillations, Ramsey fringes,
spectroscopic linewidths, and spin echoes. The different kinds of decoherence times deduced from the last
three experiments are shown to be self-consistent. Section IV describes a study of the effects of
nonequilibrium quasiparticles generated in the readout SQUID when it switches to the voltage state. These
excess quasiparticles are shown to persist for a remarkably long time, about I ms, and thus set an upper
limit on the repetition rate at which data can be acquired. Section V describes the theory of a novel device
for entangling two flux qubits by means of a single SQUID that serves also as the readout device. It is
shown that this scheme is in principle capable of the CNOT (Controlled NOT) operation. Section VI
contains our concluding remarks.

II. Experimental Configuration

In order to observe quantum coherence in a superconducting circuit, it is necessary not only to
cool it to low temperatures-say, a few tens of millikeIvin-but also to isolate it from thermal and
environmental noise generated at room temperature and at lower temperatures within the refrigerator itself.
Thus, one needs to design a series of filters and attenuators that provide large levels of attenuation at room
temperature, 4.2 K and certain temperatures between 4.2 K and the temperature of the experiment.
Furthermore, it is of great importance that the qubit and its readout SQUID (Superconducting Quantum
Interference Device) are coupled to impedances that are high enough to ensure that any Johnson noise
currents injected into the quantum circuit are unimportant yet devoid of parasitic resonances at frequencies
relevant to the operation of the qubit, typically a few gigahertz.




























